Abstract. Snow mould is a common disease of winter cereals in moderate and cold climatic areas. Snow mould of winter cereals has been observed sporadically in Latvia. Sharp development of this disease (caused by Microdochium nivale) was noticed in [2005][2006][2007]. The aim of the investigations was to clarify peculiarities of snow mould development depending on different agroecological conditions. Observations of snow mould incidence were carried out in the central part of Latvia -at the Study and research farm "Peterlauki" of the Latvia University of Agriculture during 2005-2008. The average incidence of snow mould was 40% (5-60%) in 2005, 31% (14-63%) in 2006, and 36% (2-95%) in 2007. The highest incidence of the disease was established for cultivar 'Cubus' (23-95% depending on the year and the sowing time). A moderate development of snow mould was observed for variety 'Zentos' (5-60%), but only 2-50% of damaged plants were found for 'Tarso'. The main reason of sharp development of the disease was too early sowing of winter wheat, whereas late time of wheat sowing, on average, significantly decreased the development of snow mould (p<0.001). Further investigations are necessary to better understand the complex of factors which influenced wheat susceptibility against snow mould.
Introduction
Snow mould is a common disease of winter cereals in moderate and cold climatic areas (Serenius, Huusela-Veistola et al., 2005; Matsumoto, 2009 ). Pink snow mould severity has reached 60-70% in Russia in epidemic years (Nazarova, Korneva et al., 2008) . Snow mould is caused by different fungi, but Microdochium nivale (Fries) Samuels & Hallett (previous term Fusarium nivale, teleomorph Monographella nivalis (Schaffnit) E. Müller) and different fungi from genus Typhula are the most important in moderate climate areas.
Distribution of snow mould and conditions of overwintering are closely related. Low temperature and darkness under snow interrupt photosynthesis and reserve materials are depleted by respirations, and plants are susceptible to snow mould (Matsumoto, 2009 ). Development of the disease depends on the duration of snow cover and on the temperature under it.
There is no direct correlation between resistance against snow mould and frost tolerance, but, on the other hand, the more frost tolerant cultivars are also more resistant against snow mould (Gaudet, 1994) .
Resistance against pink snow mould is closely related with accumulated degree-days above 0 °C from sowing. A continuous snow cover reduces resistance to pink snow mould (Nakajima, Abe, 1994) . Cold hardening strongly increases the snow mould resistance. Seedlings that had been growing at an optimum temperature until the 4th leaf stage were strongly infected under conditions of artificial inoculation by M. nivale (Golebiowska, Wedzony, 2009).
There are different data in the literature related to resistance level of cultivars and development of snow mould. Litschko et al. have not found significant differences in resistance of cultivars, but ability of leaf regeneration has been various in their research (Litschko, Burpee et al., 1988) . No specific resistance has been observed for wheat cultivars selected in Northern countries; however, a correlation has been established between resistance and cold hardening. Differences in the level of cultivar resistance could The aim of these investigations is to clarify peculiarities of snow mould development depending on different agroecological conditions.
Materials and Methods
Observations of snow mould incidence were carried out in the central part of Latviaat the Study and research farm "Peterlauki" of the Latvia University of Agriculture during [2005] [2006] [2007] [2008] .
Registration was made on experimental plots designed for investigations of different aspects of winter wheat management. A three-year field study (2005-2007) of winter wheat was conducted at the Study and research farm "Peterlauki" on silt loam brown lessive soil (sod calcareous). Three winter wheat varieties ('Zentos', 'Cubus', and 'Tarso') were sown in four replications on 4 different dates with a 10-day interval from the end of August till the end of September (30.08±2, 10.09±2, 19.09±2, and 29.09±2), and three different seed rates (300, 400, and 500 seeds per m 2 ) were compared. A certified and treated (triticonazol 20 g L -1 , and prochloraz 60 g L -1 ) seed material was used.
During the study years, meteorological conditions in the autumn-winter period differed considerably. The mean 10-day temperature of September was close to the long-term average, but in October 2005 and particularly in October 2006, the mean air temperature of some 10-day periods was 1.5 to 2 times higher than the long-term average. Also in November and December the temperatures were fluctuating. The beginning of November 2005 was very warm. In the first 10-day period the mean air temperature was two times higher (+6 °C) than the long-term average.
Only in the year 2004, temperature in November was close (with insignificant deviations) to the longterm average, and plant vegetation ended later (in the middle of the first ten-day period of November) in comparison with the long-term average (at the end of the last ten-day period of October). However, till the end of the second 10-day period of January, the air temperature was varying between -4.5 °C and +3.5 °C, and only starting from the end of January a stable wintering period set in. The wintering period of 2006/2007 significantly differed from that in the previous years as well as from the longterm average. The growing season continued till mid-December; however, the temperature remained above zero until the third 10-day period of January, and reached its mean value of +5.0 °C in the first 10-day period of January. The long autumn vegetation period in 2006, which was comparatively rich in precipitation, had a significant influence on the growth and development of winter wheat, resulting in vigorous tillering and strong overgrowth of the plants sown on the first and also, though partly, on the second sowing date, particularly for winter wheat variety 'Cubus'.
Incidence of snow mould (% of damaged plants) was determined. The assessment of snow mould was done at the time of starting of wheat vegetation.
Data of snow mould incidence was statistically processed by computer program SPSS 15. The general linear model was used to evaluate the impact of factors which had influenced the incidence of snow mould. The general linear model included the year of sowing (i=1..3), time of sowing (i=1...4), seed rate (i=1..3), cultivar (i=1..3), and interaction effects between the factors. Pairwise comparisons among factor levels was done using the Bonferroni test; the level of significance was α=0.05.
Results
A rapid development of snow mould, caused by Microdochium nivale, was noticed in Latvia in [2005] [2006] [2007] (Fig. 1) .
Average incidence of snow mould was 40% (5-60%) in 2005, 31% (14-63%) in 2006, and 36% (2-95%) in 2007. Different agronomic and ecological factors influenced the development of snow mould. Incidence of snow mould did not differ depending on seed rates, whereas meteorological conditions of year (p<0.05), cultivar (p<0.001), and sowing time (p<0.001) significantly affected the disease development (Fig. 1 
). Snow Mould Development under Conditions of Central Part of Latvia
Incidence of snow mould in the year 2005 was significantly higher than in 2006 (p<0.05); other differences between the years were not significant.
The cultivar was an important factor (p<0.05), which influenced development of snow mould (Fig. 2) . 
. Snow Mould Development under Conditions of Central Part of Latvia
The highest incidence of the disease was established for cultivar 'Cubus' -from 23% to 95% depending on the year and the sowing time, which on average was 34.9% higher than for 'Tarso'. A moderate development of snow mould was observed for variety 'Zentos' (5-60%), but only 2-50% of damaged plants were found for 'Tarso'.
Sowing time was the most important factor influencing the incidence of snow mould (Fig. 3) .
The lowest development of snow mould was observed in plants sown at the latest time of sowing, but the highest -in plants sown at the first sowing time. Average data of disease development differed between the 1st and 3rd time of sowing (difference -22.9%), between 1st and 4th (difference -31.8%), and also between 2nd and 3rd, 2nd and 4th time of sowing (difference accordingly -19.2% and 28.0%).
Discussion
Snow mould is endemic in general, but outbreaks have been observed in some years, especially if meteorological conditions were favorable for disease development (Matsumoto, 2009 ). M. nivale and Typhula spp. are causal agents of snow mould under conditions of Latvia, but only M. nivale was found during the years of investigations. Infection source of snow mould exists in soil permanently, but development of the disease depends on different factors (Ergon, Skinnes, Tronsmo, 2003) . One of the most important reasons for susceptibility against snow mould is high density of sowings, which influences the microclimate and amount of oxygen under the sheet of snow (Bruehl, Cunfer, 1971 ). However, in our investigations, seed rates did not influence the spread of snow mould -average incidence of snow mould, depending on seed rates, was 36% each year. It is an unexpected result, because sowing density could determine conditions of overwintering.
Meteorological conditions were favourable for the development of snow mould at the time of investigations. Average incidence of snow mould exceeded 30%. The main factor influencing distribution of snow mould was the high mean ten-day temperature in October, November, also in January 
Conclusions
Snow mould has become an important disease of winter wheat under conditions of Latvia during the last years. Cultivars and time of sowing are the main factors that influence development of the disease. Further investigations are necessary for better understanding of the complex of factors, which influence wheat susceptibility against snow mould.
